Abstract: Major risk factors associated with hypertension (a family history of hypertension, obesity, diabetes mellitus, hypercholesterolemia, hypertriglyceridemia, hyperuricemia, and increased white blood cell counts) were assessed in 5275 Japanese male office workers aged 23-59 years. After controlling for potential risk factors of hypertension, the odds ratio of hypertension compared with the absence of risk factors was 1.91, 2.65, 3.88, 6.54, and 8.18 for the presence of 1, 2, 3, 4, and ≥ 5 risk factors, respectively (P for trend<0.001). Systolic and diastolic blood pressure levels also increased in a dose-dependent manner as the number of risk factors increased. Among men not taking antihypertensive medication, the adjusted mean differences in systolic and diastolic blood pressures (mmHg) were 11.2 and 9.2 between men with the presence of ≥ 5 risk factors and men without risk factors, respectively. These results indicate that the accumulation of risk factors is highly associated with the increased risk of hypertension in Japanese men.
A family history of hypertension, obesity, glucose metabolism disturbances, dyslipidemia, hyperuricemia, and chronic or low-graded inflammation are all positively correlated with hypertension [1] [2] [3] [4] [5] [6] [7] and the clustering of cardiovascular risk factors increases the risk of cardiovascular events 8) . However, previous epidemiological studies that report multiple risk factor clustering of hypertension are limited [9] [10] [11] , and it is still uncertain whether the clustering of cardiovascular risk factors increases the risk of hypertension. In this report on a cross-sectional study based on annual health examinations at the workplace, we examined the association of the clustering of risk factors with the risk of hypertension in Japanese male office workers.
The surveillance population consisted of 5275 Japanese male office workers aged 23-59 years in May 1996 in A Corporation, which is one of the biggest building contractors in Japan. Annual health examinations included medical history, physical examination, anthropometric measurements, a questionnaire on alcohol consumption and smoking, blood pressure measurements, and biochemical measurements. The participants were asked to fast at least 8 hr and to avoid smoking and heavy physical activity for more than 2 hr before the examinations. Medical history and history of use of prescription drugs were assessed by the examining physicians. Family history of hypertension was defined as a mother, father, sister or brother with diagnosed hypertension. Body mass index (BMI) was used as a measure of overall obesity and was calculated as body weight/height 2 (kg/m 2 ). Data on alcohol intake and smoking habits were obtained by interview. The questions about alcohol intake included items about the frequency of alcohol consumption per week, the type of alcoholic beverage, and the usual amount consumed daily in units of "go" (a traditional Japanese unit of measurement, by volume corresponding to 23 g of ethanol). Weekly alcohol intake was calculated and then converted to daily alcohol consumption by using standard Japanese tables. The questionnaire also asked about smoking habits (never, past, or current smoker); past or current smokers were asked about the number of cigarettes smoked per day and the duration of smoking in years. In this study, past and never smokers were combined, and the current amount of cigarettes smoked was used in the analysis. After a 5-minute rest in a quiet room, blood pressures were measured by trained observers using standard mercury sphygmomanometers on the right arm of seated participants. Korotkoff phases I and V were as representing systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively. Blood samples were drawn from an antecubital vein. Serum total cholesterol, triglyceride, and uric acid and fasting plasma glucose were measured with Olympus AU-5200 equipment (Olympus Japan Co., Ltd., Tokyo, Japan) at FALCO Biosystems Tokyo Ltd. (Tokyo, Japan). White blood cell (WBC) counts were determined by using a Sysmex E-4000 autoanalyzer (Sysmex Corporation, Kobe, Japan).
Hypertension was defined as SBP ≥ 140 mmHg, DBP ≥ 90 mmHg, or both or receipt of antihypertensive medications, while normotension was defined as SBP < 140 mmHg and DBP < 90 mmHg. The following factors and cut-off points were used as risk factors of hypertension: a family history o f h y p e r t e n s i o n ; o b e s i t y, B M I ≥ 2 5 k g / m 2 ; hypercholesterolemia, total cholesterol level ≥ 5.69 mmol/ l or medication for dyslipidemia; hypertriglyceridemia, triglyceride level ≥ 1.69 mmol/l or medication for dyslipidemia; high fasting plasma glucose, fasting plasma glucose level ≥ 7.0 mmol/l or medication for diabetes; hyperuricemia, uric acid level ≥ 416 µmol/l or medication for hyperuricemia; and increased WBC counts, WBC count level ≥ 8.0 × 10 9 cells/l. To investigate the tendency of hypertension to cluster with other risk factors, we counted the cumulative number of risk factors of hypertension.
As for analytical procedures, the Student's test or the chisquare test was used to compare means or percentages between the hypertension and non-hypertension groups. Subjects with a different number of risk factors were grouped into six subgroups (graded from 0 through ≥ 5). Each level of clustered features of risk factors was treated as a separate variable and each individual was assigned a score of 0 or 1 on each variable. Odds ratio of hypertension was estimated with the use of logistic regression models. 5] for current smokers). All tests were performed at a nominal 5% level and were computed using SPSS software, version 10.0J for Windows. Table 1 shows the demographic characteristics of the study sample according to the presence or absence of hypertension. Subjects with hypertension were older and were more likely than normotensives to drink alcohol. They were also more likely to have risk factors of hypertension, such as a family history of hypertension, obesity, hypercholesterolemia, hypertriglyceridemia, high fasting plasma glucose, hyperuricemia, and elevated WBC count. Table 3 , based on weighted averages of the regression coefficients, shows the mean differences in SBP and DBP of the subjects grouped according to the presence of 1, 2, 3, 4 and ≥ 5 risk factors compared with those with the presence of no risk factors. The analysis was performed separately once for all persons and was repeated excluding those taking medication for hypertension. The results were essentially the same in the sequence of the cumulative number of risk factors, and average adjusted differences in SBP and DBP for the subjects with the presence of 1, 2, 3, 4, and ≥ 5 compared with those with the presence of no risk factors increased in a dose-dependent manner as the cumulative number of risk factors increased. Among men who did not take antihypertensive medications, the multivariate-adjusted SBP and DBP (mmHg) were 11.2 (95% CI, 7.9 to 14.6) and 9.2 (95% CI, 6.6 to 11.8) higher in men with the presence of ≥ 5 risk factors than in those with the presence of no risk factors, respectively.
Our results indicate that the cluster of risk factors associated with hypertension is highly related to an increased risk of hypertension and an increase of blood pressure. In this population, except for the relationship of hyperuricemia with high fasting plasma glucose (P=0.516), all the pairwise relationships of risk factors (hypertension, obesity, hypercholesterolemia, hypertriglyceridemia, high fasting plasma glucose, hyperuricemia, and elevated WBC count) showed significant correlations (P<0.01). Since risk factors associated with hyperension are closely interrelated, intervention with one of a pair of risk factors may affect the other. Therefore, a reduction in body weight in obese men may have beneficial effects on blood pressure, lipid levels, fasting plasma glucose level, and uric acid level 12) . Furthermore, a randomized single-blind trial has recently demonstrated that a reduction in body weight is significantly associated with a reduction in markers of vascular inflammation, such as the proinflammatory cytokines (interleukin (IL)-6 and IL-18) and C-reactive protein 13) . As WBCs are increased by the proinflammatory cytokines, especially IL-6 14) , a reduction in body weight may also have a beneficial effect on the WBC count. Many previous studies report that subjects with a family history of hypertension have a higher risk of hypertension than those who have no family history 1, 10) . Identifying individuals with a family history of hypertension may be an important strategy for the early detection and treatment of hypertension. To prevent hypertension, it is important to recognize non-hypertensive subjects with multiple risk factors and to more precisely identify the risk with a specific group, namely, those with the multiplicity of risk factors with hypertension 15) . Our study had several limitations. All subjects who participated in this study were registered white-collar workers of a single company and thus are not representative of the general Japanese population. However, the relative homogeneity of the study population may enhance the study's internal validity; because of the uniform educational background and socioeconomic status of the men in this population, these variables were unlikely to represent confounding factors. The cross-sectional study design lacks information on the time sequence of events. Further studies should be needed to clarify whether the accumulation of risk factors may have an impact on development of hypertension and may play an important role in the pathogenesis of hypertension. Despite these potential limitations, our findings suggest that the cluster of risk factors associated with hypertension is strongly associated with the risk of hypertension. Recognizing and addressing these risk factors may be necessary for the primary prevention and early detection of hypertension. 
